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DEVICE FOR PRESSURIZING LIMBS 


FIELD OF THE INVENTION 

The present invention relates to medical devices and more 
specifically to devices for immobilizing or massaging body limbs, for 
example, in cases of edema, vein disorders such as chronic venous 
5 insufficiency (c.v.i.), varicose veins (v.v), varicose ulcers (v.u.) and others; 
prevention of deep vein thrombosis; and bone fractures. 

GLOSSARY 

In the following description and claims the terms "sleeve" and 

10 "ce//"mean: 

Sleeve - a hollow cylinder formed of a flexible material into the lumen of 
which a body limb, e.g. an arm, leg or foot, may be inserted. 

15 Cell - A section of a massaging sleeve which may be inflated or deflated 
independently of the remainder of the sleeve. 

BACKGROUND OF THE INVENTION 

In the condition known as edema, interstitial fluid is 
20 inadequately drained by the lymphatics. This causes an accumulation of fluid 
in the affected tissues leading to painful swelling. When this occurs in a body 
limb, beneficial results are obtained by massaging the limb in such a way as to 
force the fluid towards the proximal end of the limb and into the trunk of the 
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body. A number of apparatuses have been devised for this purpose, for 
example, as disclosed in U.S. Patent Nos. 5,117,812, 5,007,411, .5,025,781 
and 5,591,200. In these apparatuses the limb to be treated is inserted into a 
massaging sleeve having a plurality of essentially circumferential cells along 
5 its length. Each cell is capable of being individually inflated by forcing a 
fluid into the interior of the cell in order to apply pressure to the limb segment 
contained within the celL Each cell is made to undergo cycles of inflation and 
deflation in order to apply intermittent pressure on the limb segment which it 
encloses thus achieving a massaging effect on the limb. The 

10 inflation-deflation cycles of the different cells in the sleeve are typically 
- staggered so as to generate peristaltic contractions of the sleeve, thus moving 
fluids inside the limb towards the trunk. In addition to being of benefit in 
cases of edema, these devices are also useful in the treatment of c.v.L v. v., 
v.u. and the prevention of deep vein thrombosis. 

15 In prior art devices, each cell in the sleeve, when deflated, 

forms essentially a circumferential band around the limb, the circumference of 
which is selected to correspond to the circumference of the limb segment 
contained within the cell. Upon inflation, the cell assumes essentially a 
toroidal shape. In this case, a decrease in the inner circumference of a cell 

20 upon inflation is accompanied by an essentially identical increase in the outer 
circumference of the cell. For example, in order to obtain a 36% decrease in 
the inner circumference of a cell upon inflation, the outer circumference of the 
inflated cell must be 36% larger than the original circumference of the limb 
segment contained therein. The fractional decrease in the inner circumference 

25 of the cell corresponds to the amount of pressure applied by the inflated cell to 
the limb segment contained therein. Thus, in order to obtain useful levels of 
pressure using prior art devices, the sleeve is of necessity very bulky, stiff and 
uncomfortable in use and relatively large and powerful compression pumps 
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are required. Prior art devices therefore require the individual to be immobi- 
lized during treatment for prolonged periods of time. 

It is therefore the object of the present invention to provide a 
limb massaging device in which the aforementioned disadvantages of the 
5 prior art devices are substantially reduced or eliminated. 

SUMMARY OF THE INVENTION 

In accordance with a first aspect of the present invention there 
is provided a device for applying pressure to a body limb, comprising a sleeve 
10 containing a plurality of individually inflatable cells, each cell being 
subdivided into two or more longitudinally extending confluent compartments 
which are inflated and deflated essentially simultaneously. 

The device according to the invention may, for example, be 
used to immobilize a fractured bone in a limb by inserting the limb into the 
15 sleeve and inflating all the cells thereof so as to render the sleeve rigid and 
inflexible for the duration of the treatment. 

By one mode the invention provides a device for applying 
pressure to one or more limbs of the body comprising: 

(a) a sleeve containing a plurality of individually inflatable cells, 
20 each cell being subdivided into two or more longitudinally extending 

confluent compartments which are inflated and deflated essentially 
simultaneously; 

(b) means for the separate and intermittent inflation of any one of 
said plurality of inflatable cells; and 

25 (c) control means for detennining the temporo-spatial regime of 

cell inflation. 

Typically, and by way of a non-limiting example, a 
temporo-spatial regime of cell inflation is selected which generates peristaltic 
' contractions of the sleeve. For example, with a sleeve containing 5 cells 
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numbered consecutively from the distal to the proximal end of the limb, cell 1 
would first be inflated, followed by cell 2. Cell 1 would then be deflated and 
cell 3 inflated. Next, cell 2 is deflated as cell 4 is inflated and then cell 3 is 
deflated and cell 5 inflated. Finally, cell 4 and then cell 5 are deflated and the 
5 cycle begins again. Other temporo-spatial regimes of cell inflation are also 
contemplated within the scope of the invention. 

In accordance with a third aspect of the present invention there 
is provided a method of massaging a limb of the body of an individual 
comprising: inserting the limb to be treated into a massaging sleeve of the 
10 kind specified and inflating the cells of the sleeve according to a predeter- 
- mined temporo-spatial regime. 

The device according to the invention is applied for example, in 
cases of edema, c.v.L, v.v., v.u. or preventing deep vein thrombosis. 

As will become evident through the description below, 
15 subdividing the cells of the sleeve into compartments according to the present 
invention yields several advantages over prior art devices. Since the diameter 
of the inflated sleeve is not substantially larger than the diameter of the treated 
limb, the sleeve may be worn under clothing and is thus concealed during use. 
Moreover, the sleeve remains flexible and comfortable during use so that the 
20 individual need not be immobilized during treatment. Furthermore, the 
volume of the inflated cells in the present invention is substantially less than 
in prior art devices, so that a much smaller compressor need be used for 
inflating the cells. This in turn allows the controlling unit to be substantially 
lighter than is required for prior art devices. These features allow the 
25 individual to be completely ambulatory during treatment. 

While in the description given below, the cells in the sleeve are 
aligned to form an elastic cylinder, the invention is not bound by this 
constraint and other types of sleeves are contemplated within the scope of the 
invention. For example, the sleeve may -initially be a pad which is wrapped 
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around the limb into an essentially cylindrical shape and then fastened in this 

configuration by various means. 

In operation, a cell is inflated by forcing a fluid into the interior 
of the cell between the inner and outer shells. While in the description given 
5 below a deflated cell forms an essentially circumferential band around the 
limb, and the fluid used to inflate the cell is air, the invention is not bound by 
these constraints, and other cell shapes and fluids are contemplated within the 
scope of the invention. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be demonstrated by way of a 
non-limiting example, with reference to the accompanying drawings in which: 
Fig. 1 shows a massage sleeve according to the invention in use on the 
leg of an individual; 

1 5 Fig. 2 shows a massage sleeve according to the invention mounted on 

the leg of an individual drawn to a larger scale; 

Fi<*. 3 shows a fractional perspective view of a massage sleeve 
according to the invention fitted with a control unit; and 

Fi«. 4a and 4b show a cross-section of a cell in the deflated and 
20 inflated states, respectively, 

DESCRIPTION OF A SPECIFIC EMBODIMENT 

In the following, an embodiment of the invention will be 
described for use on the leg of an individual. However, it is to be understood 
25 that the invention is also intended for use on any body limb such as an arm, a 
foot, a part of a leg, arm or foot, and may be used on two or more limbs 
simultaneously. 

In Fig. 1, a patient is depicted wearing a massaging sleeve 1 of 
the invention on her leg while carrying, out. her routine duties. In Fig. 1, the 
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trouser leg of the patient is cut away to reveal the sleeve. In practice, 
however, the sleeve remains concealed from view, and due to the facets of the 
present invention remains unnoticed even during operation when the cells are 
intermittently inflated. The sleeve 1 has an inner and outer surface composed 
5 of a durable flexible material and is divided into a plurality of cells 2 along its 
length and each cell is connected to the control unit 3 by a separate tube 
collectively labeled 4 in Fig. 1. Sections of the sleeve may be of 
non-inflatable elastic material, for example around the knee and ankle 5. 

As can be seen in Figs. 2 and 3, each ceil has a fluid inlet 

10 opening 6 to which a hose 4 from the control unit 3 is attached. The control 
- unit 3 contains a compressor capable of compressing and pumping ambient 
air into one or more selected cells in the sleeve via the hoses 4. The control 
unit 3 allows a temporo-spatial regime of inflation and deflation of the cells to 
be selected, e.g. a regime which generates peristaltic contractions of the sleeve 

15 so as to force fluids inside the limb towards the proximal end of the limb, or a 
regime which enhances the flow of the venous blood in the limb. The 
continuity of the peristalsis is enhanced by interdigitating the compartments of 
adjacent cells in the massaging sleeve as shown in Figs. 2 and 3. 

In accordance with the present invention, the cells are subdivid- 

20 ed into a plurality of longitudinaUy extending compartments 7. The compart- 
ments are formed, for example, by welding the inner and outer shells of the 
massaging sleeve along the boundaries of the compartments. The compart- 
ments in a given cell are confluent due to perforations 8 in the seams between 
adjacent compartments so that all the compartments in the cell are inflated or 

25 deflated essentially simultaneously. Each compartment, when inflated, 
assumes essentially the shape of a cylinder having its axis parallel to that of 
the limb. 

A cross-section of a deflated cell is shown in Fig. 4a, and 
Fie. 4b shows the same cross-section after inflation. The cell has been 
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divided, by way of example, into ten identical compartments, it being 
self-evident that any other number of compartments may be used. If N is the 
number of compartments in a given cell, and r is the radius of an inflated 
compartment, then as can be seen in Fig. 4b the length of the circumference 
5 10 that passes through the centers of the inflated compartments will be 2Nr, 
whereas the circumference 9' of the deflated cell is . The fractional 
decrease in the circumference upon inflation is thus 


N*r-2Nr _ 1 2_ = Q36 (1) 
nNr n 


10 


The length of the inner circumference 9' of the inflated cell will 
be less than 2Nr so that the fractional decrease in the inner circumference 
upon inflation is thus grater than 0.36. 

N and r are chosen so that 
deflated cell) corresponds to the original circumference of the limb segment 
15 contained within the lumen of the cell. The fractional decrease , in the 
circumference of the cell upon inflation (0.36) causes a contraction of the cell 
whereby pressure is applied to the limb which, as follows from equation (1) 
above, is independent of N and r. Thus, by choosing N sufficiently large, and 
r correspondingly small, a sleeve is obtained having an inflated outer 
20 circumference not substantially larger than the original circumference of the 
limb. This is in contrast to prior art devices which, as shown above, must 
have an outer circumference 36% greater than the initial circumference of the 
limb in order to achieve "the same applied pressure as that produced by the 
present invention. 

25 Letting now L be the length of a cell and C - Not, the initial 

circumference of the limb contained within the cell, it is readily appreciated 
from Fig. 4 that the initial volume of the limb contained within the deflated 
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cell is V D = J— Yl. The final volume of the limb contained within the 

inflated cell is less than V, = ,(^Jl - 0.41V D . Inflating the cells thus 

leads to a decrease in the volume of the limb contained within the cell of 
about 59%. This represents the volume of fluid squeezed out of the limb, or 
5 the work performed by the sleeve. This is accomplished by inflating the 
compartments of the cell to a total volume of V T = N7tr 2 L = 

N J C T£-^!il. In contrast to this, obtaining the same decrease in the 

' I Njc ) Nn . 

volume of the limb by prior art methods requires inflating a cell to a final 
volume of V F = ,{^J - (^j}* = f£ • ^ when the number of 

10 compartments in the ceil of the present invention is at least 3, the volume to 
which the cell must be inflated is less than that of prior art devices. Moreover, 
by choosing N sufficiently large, a decrease of 59% in the volume of the limb 
can be obtained by inflating the cell to an arbitrarily small total volume. For 
example, when N = 30, the total volume of the inflated cell is less than 

15 one-tenth of the volume of the inflated cell of the prior art devices. This 
allows a much smaller compressor to be used than is possible with prior art 
sleeves, thus permitting the patient to be ambulatory while being treated by 
the invention. 

It is noted that a sleeve according to the invention, e.g. such as 
20 sleeve 1 in Figs. 1 and 2 or a smaller sleeve covering only a portion of a limb, 
may be used for immobilization of a fractured bone in a limb. 

It is noted that the compartments of a given cell may be of 

different diameters. 

If desired, it is noted that the sleeve of the invention may be 
25 incorporated into a slipper to be worn on a person's foot For example, a 
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slipper may be designed comprising a sleeve of the specified type formed so 
as to receive a person's foot, and a rigid sole attached to the sleeve. 

Furthermore, the sleeve of the invention may optionally be 
heated or cooled to a desired temperature by methods known in the art, so as 
5 to achieve a desired effect on the patient. For example, the fluid used to inflate 
the cells of the sleeve may be heated or cooled to a desired temperature prior 
to inflation. 

Also if desired, the sleeve of the invention may be incorporated 
into a knee protector to be worn on a person's knee. For example, a knee 
10 protector may be designed comprising a sleeve of the specified type formed 
so as to receive a person's knee, and a rigid shield to be placed over the knee 

and attached to the sleeve. 

By yet another option, the sleeve of the invention may be used 
under a rigid cast to be applied to a person's limb, for example, when 
1 5 immobilizing a fractured bone. Use of the sleeve under a cast is desirable, for 
example, to treat edema accompanying prolonged wearing of a cast or to 

prevent deep vein thrombosis. 

The invention may, if desired, be used in a pressure suit, for 
example, to achieve external counterpulsation of the blood flow in a patient or 

20 in cases of trauma. For example, one or more sleeves of the invention may be 
incorporated in a pair of trousers and the cells of the sleeves are, for example, 
inflated when the patient's heart is in diastole, and deflated when the heart is 
in systole; alternatively, the cells of all sleeves are inflated simultaneously so 
as to stop hemorrhaging in the lower part of the body. 

25 It is also noted that the sleeve may optionally contain an inner 

lining to prevent the patient's skin from being pinched and to enhance the 
equalization of pressure distribution to the skin as the compartments are 
inflated. The inner lining may be made out of different materials such as, for 
example, silicon. 
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CLAIMS: 

!. A device for applying pressure to a body limb comprising a 

sleeve containing one or more individually inflatable cells each cell being 
5 subdivided into two or more longitudinally extending confluent compartments 
which are inflated and deflated essentially simultaneously. 

2 . A device for applying pressure to a body limb comprising: 

(a) a sleeve containing one or more individually inflatable cells 
each cell being subdivided into two or more longimdinally extending 

10 confluent compartments which are inflated and deflated essentially 

•simultaneously; 

(b) means for the intermittent inflation of any one or more selected 

cells of the sleeve; and 

(c) means of determining the temporo-spatial regime of cell 

15 inflation. 

3. The device of Claim 2, in which the cells are inflated by means 
of compressed air. 

4. The device of Claim 1 or 2, in which the compartments of 
adjacent cells of the massaging sleeve are interdigitated. 

20 5> The device of any one of Claims 1 to 4, serving for the 

treatment of any one of the disorders selected from the group of edema, 
chronic venous insufficiency, varicose veins and varicose ulcers. 
6. The device of any one of Claims 1 to 4, serving for the 

prevention of deep vein thrombosis. 

25 7 The device of any one of Claims 1-4, serving for immobilizing 

a fractured bone. 

8. A method for immobilizing a fractured bone in a limb 

comprising inserting the limb into a massaging sleeve of the kind specified, 
and inflating all the cells in the sleeve. 
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9 " A method of massaging a limb of the body of an individual, 

comprising inserting the limb to be treated into a massaging sleeve of the kind 
specified and inflating the cells of the sleeve according to a predetermined 
temporo-spatial regime. 

10 . A slipper comprising the device of any one of Claims 1 to 4. 

A knee protector comprising the device of any one of Claims 1 


11. 

to 4 
12. 
to 4 


A pressure suit comprising the device of any one of Claims 1 


1 0 13. A device of any one of Claims 2 to 7, further comprising means 

- for controlling the temperature of the sleeve. 
14. The device of Claim 1 or 2, further comprising an inner lining. 
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